Australian Rules football played under the auspices of the Australian Football League (AFL) is a highly athletic game. It is played over 120 minutes on a grass surface oval in shape, which measures between 135 and 185 m long by 110 and 155 m wide. From initiation to 2008, the elite competition was made up of 16 teams, which at present has increased to 18. Teams have 40 listed players, from which 22 are selected to play per week.
The season runs from March to October inclusive. Twenty-four minor round games are played, and this is followed by a finals series. The break between games is no less than 4 days and no more than 8 days. In addition to this playing time, players begin formal preseason training 6 weeks after their last game and have 6 weeks of preseason games to attain match fitness.
During the game, which is both highly aerobic and anaerobic, players are required to make and avoid contact with the opposition while coordinating ball skills and disposing of the ball by hand (handball) or by foot (kick). As there are no "offside" rules in AFL football, the ball may be disposed of in any direction and, similarly, tackles may come from any direction, necessitating that players perform a large number of cutting and pivoting maneuvers ( Figure 1 ).
The anterior cruciate ligament (ACL) is one of the most common areas that can be injured during sports, particularly those involving cutting and pivoting. 5, 13, 19 The prevalence of ACL injury in Australian Rules football players at all levels has been attributed, in part, to these maneuvers. 5, 13, 19, 20 Other factors, including previous ACL injury, narrow intercondylar notch, female sex, hormonal factors, familial tendency, and extrinsic environmental factors such as shoe surface interference, weather conditions, playing surface hardness, and grass type, have also been associated with an increased risk of ACL injury in sporting populations. [18] [19] [20] [21] [22] [23] Reconstruction of the ACL is commonly performed to restore knee stability to enable athletes to return to their sport. From 2003 to 2008, approximately 10,000 ACL reconstructions were reported in Australia annually, with AFL football identified as the second most frequent sport played at the time of injury. 12 Players do return to play AFL football after ACL reconstruction; however, the functional outcomes, and whether these players return to their preinjured form, have not been explored. A good functional outcome after ACL injury maintains that players return to the elite level of play, quickly return to their preinjury form, and have a low likelihood of further injury after return. Such an outcome is of major importance to elite players, particularly in terms of their professional earning capacity; it is also important to the team, the coach, team administrators and, not least, the spectators, all of whom want the best players selected to produce optimal results.
Managing the impact of ACL injury in elite AFL players may only be improved by better data on the outcomes of this injury. Objective and subjective outcomes after ACL reconstruction have been reported using a number of different knee-rating questionnaires. 1, 2, 15, 28 Although many of the knee ratings include a functional outcomes domain that enables comparison of results across different cohorts, the questions asked are not specific to the sporting population. In elite athletes, highly important outcomes are the ability to return to their sport and the ability to return to their preinjury level of sporting performance. To objectively measure this, sport-specific outcomes are required. For AFL football during the period of data collection, the total number of ball disposals, representing handballs and kicks, was regarded as the key player-performance indicator, independent of player position.
The primary objective of this study was to use AFL football-specific objective functional outcomes (total ball disposals) to examine if players who return to play after ACL injury return to their preinjury playing form. The characteristics of AFL football players who sustained ACL injuries while playing at the elite level were also described and, using multivariate analysis, the player and injury characteristics that influenced return to play, return to form, and occurrence of subsequent ACL injury were examined. It was hypothesized that elite-level AFL players do not return to preinjury form until, at minimum, 2 years after return to play.
METHODS
A retrospective analysis was undertaken on a cohort of listed AFL players who played at the elite level from 1990 to the end of the 2000 final series. Players were identified using prospective records made available by the AFL Medical Officers Association (AFLMOA). The AFLMOA released these data in accordance with Privacy and Player Consent Guidelines for ethical observational research; retrospective approval was also received from a human research ethics committee. All data were deidentified for the purpose of analysis. The AFLMOA provided data regarding injury and ACL injury management, including the surgical procedure performed. Listed players who sustained a first-time ACL injury that was surgically treated were included in the study cohort. Player characteristic data included age, height, and weight at the time of injury. Injury data included side of the injury, whether it was the dominant or nondominant side, surgical reconstruction technique, if and when players returned to play at the elite level, and if they sustained a further ipsilateral or contralateral ACL injury. The timing of the return to play was categorized as less than 1 year, or 1 year or longer after injury.
To determine players' return to form, AFL match statistics data on the players' average total ball disposals for the 5 games preinjury were compared with their average total disposals at the 5 games closest to 1, 2, and 3 years after return to play. The criterion for return to preinjury form was that the players' number of disposals postinjury was equal to or greater than the number of disposals before their injury.
Statistical analyses were performed using SAS V9.1 software (SAS Institute Inc). Player and injury characteristics were categorized for analyses (Tables 1-3 ). Repeatedmeasures binomial logit generalized estimating equations were used to determine associations between player and injury characteristics on 3 main outcomes: (1) whether a player returned to play, (2) whether a player was reinjured, and (3) whether the player returned to preinjury form. Odds ratios (ORs) were determined and post hoc comparisons of incidences were undertaken using the chi-square test. To examine the association between player and injury characteristics and the extent of player return to preinjury form, a mixed-model repeated-measures analysis of variance of the outcome (average number of disposals) was performed with the repeated measures being the time points preinjury and 1, 2, and 3 years after return to play. Disposals were adjusted for player and injury characteristics, which were entered as interactive terms. Statistical significance was set at 5%, but near-significant effects for interactive terms were also investigated in an exploratory manner.
RESULTS

ACL Injury Prevalence
During the 1990 to 2000 seasons, 2723 AFL players were listed. Of these listed players, 131 players sustained an ACL injury, giving an ACL injury prevalence of 4.8%. Fourteen of the players who experienced an ACL injury had not played at the elite level by the time of the injury and were therefore excluded from the study. A further 2 players did not have a documented ACL reconstruction and were also excluded. The study cohort included a total of 115 AFL players who played at the elite level, incurred an ACL knee injury, and were documented as having undergone ACL surgical reconstruction.
Sixty injuries occurred in the left knee (52%) and 55 in the right knee (48%). The characteristics of the injured players and the injury are summarized in Table 1 . Fiftyfour injuries occurred on the dominant side (47%) and 61 on the nondominant side (53%). Seventy-two (63%) knees were reconstructed using the bone-patellar tendon-bone (BPTB) autograft technique, 39 (34%) with the hamstring tendon (HS) autograft technique, and 3 knees (3%) with an iliotibial band (ITB) extra-and intra-articular autograft technique. The ACL reconstruction technique used was not adequately documented for 1 player.
Return to Play
Thirty of the 115 players (26%) did not return to play AFL football at the elite level after injury and ACL reconstruction. A total of 85 players (74%) returned to play at the elite level. Of these 85, 41 (48%) players returned at less than 1 year after injury, while 44 (52%) returned at 1 year or longer after injury.
After adjustment for all player and injury characteristics, side of injury, player age, and player weight were identified as significantly associated with returning to play at the elite level (Table 1) . Players were 9 times less likely to play again if their dominant side was injured compared with their nondominant side (OR ¼ 0.10, 95% CI ¼ 0.03-0.34, P ¼ .002). When compared with players aged between 17 and 20 years, older players displayed a tendency to be less likely to return to play at the elite level, with a significant association identified for players aged 30 years or older (Table 1 ) (OR, 0.01; 95% CI, 0.00-0.12; P < .0002). Heavier players displayed a tendency to be more likely to return to play at the elite level when compared with lighter players (70-79 kg). Players weighing between 90 and 99 kg were nearly 15 times more likely to return to play at the elite level (OR, 14.93; 95% CI, 2.13-104.76; P ¼ .007).
Reinjury
Of the 85 players who returned to play at the elite level, 24 (28%) had a further ACL injury. Fourteen players had reinjury to the ipsilateral knee (16% of returned players) and 10 players injured their contralateral knee (12% of returned players). Fourteen further ACL injuries occurred in the 41 players who returned within 1 year of the original injury (34%), while an additional 10 injuries occurred in the 44 players (23%) who returned at 1 year or longer after the original injury. After adjusting for all player and injury characteristics, there were no characteristics that were associated with the outcome of further ACL injury (Table 2) .
Of the 14 reinjuries to the ipsilateral knee, 11 knees were reconstructed using the BPTB technique and 3 with the HS technique. Ten of the 41 (24%) players who returned within 1 year after injury reinjured their ipsilateral knee, as compared with 4 of the 44 players (9%) who returned at more than 1 year (OR, 0.31; 95% CI, 0.09-1.08; P ¼ .079). Of the 10 players who reinjured their ipsilateral knee after return to play within 1 year, 2 had received an HS autograft, compared with 8 players who received a BPTB autograft.
Return to Form
Sufficient match statistics data were available for 71 of the 85 players who returned to play after ACL injury (84%), allowing analysis of return to form after injury. The adjusted mean number (± standard error of the mean
[SEM]) of disposals for the 5 games prior to injury was 14.23 ± 0.67. On average, players who returned to play at the elite level after ACL injury and reconstruction did not return to preinjury form within 3 years of return to play. The adjusted mean number (±SEM) of disposals was significantly lower at 1 year (12.21 ± 0.63; P ¼ .003), 2 years (12.09 ± 0.65; P ¼ .008), and 3 years (11.78 ± 0.77; P ¼ .01) after return to play compared with the preinjury disposals ( Figure 2 ). There were no statistically significant differences in the adjusted mean number of disposals between 1, 2, and 3 years after return to play. In comparison with preinjury disposals, the mean percentage of disposals at 1, 2, and 3 years after return to play were 90.6%, 88.6%, and 84.6%, respectively. Using adjusted means, the percentage of disposals in comparison with preinjury at 1, 2, and 3 years after return to play were 85.8%, 85.0%, and 82.8%, respectively. Adjusting for all player and injury characteristics demonstrated no significant association with whether a player returned to preinjury form at any time point after return to play (Table 3) .
Significant changes were identified in player form over time according to player age group and ACL reconstruction technique. For players in the 25-to 29-year age group, there was no significant change in adjusted mean number of disposals between preinjury and at 1 or 2 years after return to play. In contrast, significant reductions in the adjusted mean number of disposals at 1 year after return to play were identified for players in the 17-20, 21-24, and 30 years or older age groups, when compared with their preinjury form ( Figure 3 ). These 3 age groups also displayed subsequent significant improvement in the adjusted mean number of disposals from 1 to 2 years after return to play.
For players who underwent reconstruction with the HS technique, although there was a decrease in the number of disposals, there was no significant change in the average number of disposals between preinjury and 1 and 2 years after return to play (Figure 4) . In contrast, the average number of disposals was significantly lower 1 year after return to play compared with preinjury for those players with BPTB reconstruction (P < .0001). At 2 years after return to play, there was a significant improvement in the average number of disposals compared with that at 1 year for players who underwent BPTB surgery (P ¼ .001). For both groups, the average number of disposals at 2 years after return was not significantly different from that at preinjury.
DISCUSSION
Reconstruction of the ACL has been shown to restore stability to the unstable knee and enable return to sporting activities. 8, 10, 11, 14, 27 However, the level of performance achieved after ACL reconstruction in the elite athlete has rarely been reported. This study is the first formal analysis, using objective player-relevant quantitative match statistics data, to examine return to form in elite AFL players after ACL knee injury and reconstruction. A poor functional outcome, defined as either not returning to play at the elite level or a subsequent ACL injury, occurred in 47% of players in this elite sporting population. Furthermore, for those players who returned to the elite level, this study suggests that on average, they were unlikely to return to preinjury form within 3 years of the injury. We were therefore unable to support our study hypothesis that elite-level AFL players do not return to preinjury form until at least 2 years after injury.
A total of 26% of AFL players did not return to play at the elite level after ACL injury. This finding is similar to that reported by Carey et al 4 for a study of elite National Football League players, which showed that 21% of players did not return to play at the elite level. We found that players who did not return to play at the elite level were 9 times more likely to have injured their dominant side than their nondominant side. In Australian Rules football, players kick most often with their dominant leg; furthermore, players rely on the strength of their dominant leg to coordinate the pivoting, twists, turns, jumps, and landings that are required to make and break tackles, which are fundamental to the AFL football game. Thus, proprioreceptive factors, as well as muscle strength and coordination, may play a role in why these players who have injured their dominant leg find it more difficult to return.
The BPTB technique was used to treat 63% of knees, compared with 34% of knees where the HS method was used. This frequency is a reflection of surgical experience and preference during the 1990s in Australia, and it also represents the international preference. 3 Both the BPTB and HS techniques have been reported to be equally effective; however, in this AFL population, neither technique ensured return to play.
The outcomes of ACL reconstruction have been extensively studied, as has the comparison of different open and arthroscopic procedures as well as the different types of grafts utilized. A meta-analysis 6 found that both the BPTB and the HS techniques provided stability to the knee and that, for both techniques, two-thirds of all patients, regardless of sporting participation prior to ACL injury, returned to their preinjury level of activity.
The bone-to-bone fixation of the BPTB technique is thought to allow for earlier and stronger graft incorporation and thus accelerated rehabilitation, avoidance of complications, and earlier return to sport. 9, 25, 29, 30 These assumptions are, however, contentious and have yet to be supported adequately by valid data. Our analysis of an AFL football cohort suggests that rehabilitation is longer after BPTB reconstruction. We found that return to form, in terms of disposals, drops off significantly in the first year after return to play but returns to preinjury form by 2 years for players who underwent BPTB reconstruction. In contrast, after HS reconstruction, there was no significant change in form, suggesting that in this cohort, HS reconstruction may yield better early results. Tunnel placement for ACL reconstruction has become increasingly anatomic. Throughout the 1990s, most ACL reconstructions were performed using the transtibial approach. With the advent of more surgeons using a medial portal approach to the femoral tunnel, anatomic femoral tunnel position was more likely to be achieved. By correcting the surgical tunnel position, improved outcomes may be achieved.
We found that 28% of players who returned at the elite level had a further ACL injury on either the ipsilateral or contralateral knee. A similar prevalence of further knee injury was found in a 10-year prospective longitudinal study of a mixed population of ACL injuries. 24 In our study, the prevalence of reinjury to the ipsilateral knee only was 16%, which could represent the prevalence of graft failure for this population. This prevalence was higher for players originally treated by BPTB technique (22%) compared with players originally treated by HS reconstruction (7%), again suggesting a place for HS over BPTB reconstruction for this player cohort. Regardless, this reinjury prevalence is considerably higher than the 2% prevalence of patellar tendon graft failure and 5% prevalence for hamstring graft failure reported by D'Amato and Bach. 6 This possibly shows that at the elite level of the AFL, the physical contact combined with the cutting and pivoting skills required of players may expose the reconstructed knees to more physical stresses than in other sports.
In their study of elite National Football League players, Carey et al 4 found a statistically significant reduction in player form, defined as running and wide receiver performance, on return to competition after ACL injury. In our study, there were some players whose postinjury disposal statistics at early return to play were superior to others, although after controlling for potentially confounding variables, player or injury characteristics that were associated with increased odds of returning to form at any time point after ACL injury were not found. If the player and injury characteristics that are associated with increased odds of returning to play after injury are known, and also the characteristics of players who performed better than others after return from injury, guidelines for player rehabilitation could be given. These would include expectations regarding return to play, likelihood of reinjury, and probability of return to preinjury form, which could also facilitate planning at the club level. In the present study, the characteristics associated with increased odds of returning to play after injury were younger age, moderate weight, and injury of the nondominant side.
Study results found no significant difference in player form over time when comparing players who returned at less than 1 year after injury with those who returned at 1 year or longer after injury. Therefore, no data supported an early return to play, based purely on return to form. Twenty-four percent of players who returned within 1 year after injury reinjured their ipsilateral knee, compared with 9% of players who returned at more than 1 year. Although not statistically significant (P ¼ .079), the trend for greater odds of reinjury to the ipsilateral knee in the early-return-to-play group is important. Thus, a minimum of 1 year after ACL injury and reconstruction is recommended as the appropriate amount of time before returning to play at the elite level in the AFL. Although in other sports, a shorter time to return to play after injury has proven to be successful, 7, 16, 17, 26 there may be sufficient differences in the extent of physical contact and cutting and pivoting maneuvers in AFL and thus demands on reconstructed knees to justify this longer recommendation.
Return to sport, regardless of the level, is heavily reliant on player confidence that the knee is stable in elite-level game situations, confidence being gained from both player intuition and also from medical advice. In elite sports, where other players are readily available on lists and commercial interests are at stake, delays in restoration of player confidence are not tolerated. Thus, the medical community, sporting clubs, coaching staff, and players need to accept the responsibility of medical and psychological rehabilitation of the injured athlete to allow them to return to play in their best medical and psychological fitness, and with the least chance of reinjury.
A limitation of this study is that data on the complications of ACL reconstruction surgery were not available. Graft harvest morbidity, including patellar tendinitis, patellar fracture, patellar tendon rupture, anterior knee pain, and numbness, are infrequent but important complications that can occur in this elite sporting population and that may have contributed to the results reported. A second limitation is the age of the data reported and analyzed in this study. However, more recent publications have not assessed total ball disposals, which could be considered a more relevant player-performance indicator for outcomes related to AFL football athletes.
CONCLUSION
This retrospective longitudinal study has produced objective data that demonstrate the potentially career-threatening outcome of ACL injuries in elite AFL football players. The findings of this study may assist players, coaches, clubs, and supporters with their expectations of players after ACL injury. Furthermore, these results provide an opportunity for players, coaches, and clubs to establish objective criteria on which decisions can be made regarding whether players should return from ACL injury and, if so, the timing of return to elite-level competition. In view of these findings, the orthopaedic community should also review their expectations of current management of elite AFL players with ACL injuries, in particular with regard to timing of return and potential recurrence rates.
